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ABSTRACT 

Environmental Pollution (EP) has become a global issue as the 
impacts are mainly crucial threats to man and biodiversity especially 
in Africa and other developing countries. In addition to humans and 
biodiversity, the effects of EP are intense on plants, animals, soil, 
water and air. As population increases, human needs for food, 
clothes, mobility and shelter get elevated which in turn require higher 
use of technology and energy resources vis-a-vis anthropogenic 
activities are the primary causes of the rising challenges of EP. This 
work is aimed at reviewing the roles of anthropogenic activities as 
key drivers of environmental pollution and loss of biodiversity. In 
order to achieve this aim and justify the work, the following specific 
objectives were developed including to: (1) identify and review 
relevant literature on anthropogenic activities prevalent in Africa. (ii) 
examine the impacts of the major anthropogenic activities on the 
environment including human health, soil, water, air, flora and fauna 
biodiversity. (iii) proffer sustainable solutions to curb the menace. 
Primary findings reveal the significant and adverse effects of 
anthropogenic activities on environmental risks, health and 
biodiversity due to increase in waste generation and use of non- 
renewable resources. Urgent need is necessary to create awareness 
among the various sectors of the society and to sensitize the people 
on the sustainable ways for waste generation and management. The 
paper recommends need for the comprehensive development and 
establishment of appropriate laws and policies to ameliorate EP and 
its associated menace. 
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Anthropogenic activities are socioeconomic activities 
carried out by man on the environment like farming, 
deforestation, bush burning, industrial activities, etc. 
(Mutavi and Long’ora 2019). 


Biodiversity refers to the variety and variability of all 
life on earth. Due to the process of evolution, 
thousands of species of animals and plants now exist 
on the planet. Biodiversity encompasses the wide 
range of genes, species, and ecosystems that have 
become established on the planet, which intertwines 
and impact each other. 


In recent times, biodiversity has become easy targets 
for human over-exploitation due to increasing human 
populations and the quest for a “better life” through 
improvements in science and technology (Wuver and 
Attuquayefio, 2006). Biodiversity, therefore, is being 
exploited at much faster rates than ever before with 
negative implications for sustainable human 
livelihood (Turner et al., 1990). In Ghana, increasing 
evidence indicates that the rate of environmental 
degradation has increased in recent times (Gyasi et 
al., 1995), with previously rich forests being 
converted to savanna woodland and existing savanna 
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woodlands converted into near desert (Hawthorne & 
Abu-Juam, 1995). It has been estimated that Ghana’s 
high forest area of 8.2 million hectares at the turn of 
last century had dwindled to about 1.7 million 
hectares by the mid-1980s (Hall, 1987), and about 
one million hectares by the mid-1990s (Forest 
Services Division, 1996). 


Impact of anthropogenic activities on plant 
biodiversity 

Some of the anthropogenic activities that effect the 
biodiversity of our natural vegetation include: 
deforestation, urbanization, bushfire and agriculture, 
oil spillage, etc. 


Deforestation: 

Deforestation results from the removal of trees 
without sufficient replacement, which leads to 
reduction in habitat, biodiversity as well as wood and 
quality of life. The use of the term “Deforestation” at 
times is associated with distortion of forestry issues. 
It is used to denote activities that use the forest, for 
instance, felling of wood for fuel, commercial logging 
and activities associated with temporary removal of 
forest cover such as slash and burn technique, which 
is a major component of shifting cultivation 
agricultural systems or clear cutting (Mfon, et al., 
2014). It is equally used to describe clearing of forest 
for grazing or ranching. 


Extensive tropical deforestation is a relatively modern 
event that gained momentum in the 20th century and 
particularly in the last half of the 20th century. The 
FAO 2001 reports indicate considerable deforestation 
in the world during 1990-2010 but this was almost 
entirely confined to tropical regions. (Chakravarty et 
al., 2012). Rowe et al (1992) estimated that 15 
percent of the world’s forest was converted to other 
land uses between 1850 and 1980. Deforestation 
occurred at the rate of 9.2million hectares per annum 
from 1980-1990, 16million hectares per annum from 
1990-2000 and decreased to 13million hectares per 
annum from 2000- 2010 (Chakravarty et al., 2012). 
The net change in forest area during the last decade 
was estimated at — 5.2milliom hectares per year or 
140km2 of forest per day (Ogundele et al., 2016). 


The West African Guinea Rainforest (GRF) 
stretching from Guinea to Cameroon is a priority 
challenge identified more than 20 years ago as a 
global biodiversity hotspot (Myers, 1990; Myers et 
al., 2000; Conservation International 2007). Less than 
18% of the original GRF still stands as dense forest 
(Mayaux et al., 2004) as the nutrients of the GRF 
have been progressively mined by millions of poor 
households employing rudimentary slash-and-burn 
technology. Paradoxically, these same households 
depend on stocks of wild foods, fuelwood, and 


traditional medicines, which are produced by the 
forests they cut down and burn in their agricultural 
practice (Gockowski and Sonwa 2010). As reported 
by Mutavi and Long’ora (2019), increasing 
population in Kenya is one of the major forms of 
habitat destruction causing species loss (Situma and 
Wamukuya, 1999). Overdependence of the 
population on fuel wood as the main source of energy 
has accelerated deforestation leading to loss of tree 
cover (Baan, 2003). Forests have dwindled because 
large tracts of terrestrial and wetland ecosystems have 
been converted to farmland (UNEP, 2006). 


Urbanization 

As a result of growth in human population, there is 
increased need for more land to live on, more 
building constructions, hospitals, —_ schools, 
supermarkets, industries, etc. Hence, land is often 
cleared of vegetation to make space for such projects. 


Urbanization creates increasing concern about the 
effects of expanding town and cities. This has an 
adverse impact on the natural resources such as forest 
lands (Ibrahim, et al. 2013). The need for expansion 
of cities and towns results in the clearing of forest 
areas to meet several development needs. The 
expansion of some roadways has also resulted in the 
loss of several forest resources. Rural dwellers 
depend heavily on forest resources for survival and 
livelihood especially with fuel wood being used as the 
major source of energy leading a great reduction and 
clearing of this resource (Oyetunji et al., 2020). 


In Cape Town, the Cape Floristic Region (CFR), one 
of the World's Heritage Sites (Anon, 1999) and 
biodiversity Hotspots (Myers et al., 2000) is 
recognized as one of the world's most imperilled 
ecosystems and a global priority for conservation 
(Underwood et al., 2009). The CFR has the second 
highest human population growth rate in the 
Mediterranean Biome, after Chile (Underwood et al., 
2009). Urbanization is concentrated in lowlands of 
the City. This high concentration of biodiversity 
within the urban matrix poses challenges for 
conservation. The Table Mountain chain which lies 
within the city is an area of scenic beauty and wild 
landscapes that challenge development and is thus 
well conserved. There is a high incidence of 
threatened species (Wood et al., 1994). The City has 
18% of South Africa's threatened plant species in 
0.1% of the area of the country. Thirteen plant species 
within the City are already globally extinct, making it 
one of the most acute areas in the world for plant 
extinction. Unless urgent action is taken as many as 
85 additional plant species may become globally 
extinct in the next decade (Rebelo et al., 2011). 
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Bushfire and Agriculture 

In Ghana, current evidence according to Wuver and 
Attuquayefio 2006, indicates that the degradation of 
the wetland could be largely attributable to neglect 
and unsustainable human activities (e.g. bushfire 
setting, hunting, farming, fuelwood harvesting, estate 
development, etc.). Deliberate bushfires were set 
either by hunters (92.1%) or farmers (7.9%) clearing 
vegetation on land for cultivation. Dropping of 
cigarette butts constituted the main cause (67.9%) of 
the accidental bushfires, followed by palm wine 
tapping and on-farm cooking in that order. Most 
(61.5%) of the farmer-respondents set the fires once a 
year, usually on afternoons when high temperatures 
promote rapid or easy burning. Majority (92.4%) of 
such fire-setters attempted some form of fire control, 
while the rest thought it was unsafe to do so. 


The Millennium Ecosystem Assessment (MA) 
concluded that as the extensive growth of agriculture 
is the primary driver of habitat loss in all human- 
dominated landscapes, it is also the primary threat to 
biodiversity worldwide (Millennium Ecosystem 
Assessment 2005). By the close of the last century, 
more than two thirds of Mediterranean forests and 
temperate forest steppes, and more than half of all 
temperate broadleaf forests, tropical dry forests, 
grasslands, shrublands and savannas had already been 
converted to agriculture. While the proportion of 
tropical habitats converted to agriculture is lower, the 
rate of land conversion in tropical regions is much 
greater. This has two effects. On the one hand, it 
directly leads to the loss of the habitats displaced by 
crop and pasture lands (Tilman et al 1994, Tilman 
1999, Deininger & Minten 2002). On the other, 
patchy conversion patterns lead to the fragmentation 
of existing forest, and hence to a reduction in the 
number and abundance of species that can be 
supported on unconverted land (Lewiset al 2009, 
Laurance et al 2011). 


A majority of the people in the least developed 
countries still live in rural areas, and still make a 
living from the exploitation of natural resources— 
mostly in agricultural systems. On average, 68 per 
cent of the population in low-income countries live 
and work in rural areas, relative to 43 per cent in 
middle-income countries and 21 per cent in high- 
income countries (Perrings and Halkos 2015). In the 
poorest countries, more than 75 per cent of the 
population earn a living from agriculture (Perrings 
and Halkos 2015). In many of these countries rural 
population growth rates are still positive and, in some 
Sub-Saharan African countries (specifically in Benin, 
Burkina Faso, Burundi, Eritrea, Guinea-Bissau, 
Mauritania and Uganda) are still increasing (World 
Bank 2013). 


The overuse of fertilizers can reduce plant 
biodiversity by causing eutrophication. Fertilizers 
contain high levels of nitrates. When they are added 
to the soil, a proportion of the fertilizers runoff into 
rivers and lakes, introducing nitrates into these 
aquatic ecosystems (Moore, 2020). Increased nitrate 
levels cause an overgrowth of the algae that live on 
the water’s surface, blocking out the light entering the 
water, and causing plants beneath the surface that rely 
on photosynthesis to die. Because of fertilizer use, the 
biodiversity of rivers and lakes is reducing (Moore, 
2020). 


Oil Spillage 

Oil and gas together constitute over 90% of Nigerian 
foreign-exchange earnings. The Niger Delta is the 
main seat of oil and gas production in Nigeria. It is a 
fact that all aspects of oil and gas exploration and 
exploitation have deleterious effects on the local 
ecosystem and biodiversity (Ugochukwu and Ertel, 
2008). 


Oil spillage has affected the lowland rainforest in 
Nigeria. The lowland rainforests in the Niger Delta 
zone covers around 7,400 km2 of the Niger Delta 
region (Ugochukwu & Ertel, 2008). However, 
evidence suggests that very little forest remains and 
only a small fraction of the remainder is significant in 
size or in species diversity (for example, Ebubu 
forest). Today, most areas in this zone are in swidden 
agricultural systems (for shifting cultivation), which 
permit only oil palms and occasional mango trees to 
remain) (Ugochukwu & Ertel, 2008). For example, 
the World Bank (1995) report suggests that 
Ogoniland used to be covered with rainforest but has 
since been largely converted to degraded bush and 
farmland. This zone represents the non-riverine or 
upland areas (coastal plains). 


Oil spillage has also affected the mangrove forest in 
Nigeria Niger Delta, an area estimated to be about 
10,515 km? mostly lining the Niger Delta coastline 
(Onyena and Sam, 2020). Mangroves are trees or 
large shrubs that have adapted to survive in harsh 
environmental conditions. Hence, has developed 
unique survival features in the face of high salinity, 
anaerobic and waterlogged soils, and a challenging 
environment for seed dispersal and propagation 
(Spalding et al., 2010). Mangrove ecosystems are a 
shelter for biological diversity consisting of diverse 
aquatic and terrestrial flora and fauna which include 
mammals (monkeys, antelopes, and manatees), 
molluscs (bivalves, oysters), crustaceans, fish, reptiles 
and avian species. Nigeria’s mangroves in terms of 
area covered are the largest in Africa with an 
estimated 10,515 km’, mostly lining the Niger Delta 
coastline (Onyena and Sam, 2020). 
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The Significant amount of crude oil discharged into 
coastal environments has affected these mangroves 
which are extremely responsive to contamination by 
oil and industrial waste. For the past 60 years, there 
have been no less than 238 major oil spills adjacent to 
mangrove-dominated shorelines worldwide (onyena 
and Sam, 2020). These oil spills have accounted for 
over 5.5 million tonnes of oil released directly, 
affecting up to more or less 1.94 million ha of 
mangrove habitat, and have killed at least 126,000 ha 
of mangrove ecosystems since 1958 (Sheppard, 
2000). Oil exploration in or near mangrove shorelines 
has significant adverse impacts, even on the marine 
ecosystem (US Fish and Wildlife Services, 2013). 


In 2004, the Nigerian Liquefied Natural Gas (NLNG) 
pipeline traversing the Kala-Akama and Okrika 
mangrove swamps (in the Niger Delta) leaked and 
caught fire. The fire burned uncontrollably for three 
days (Zabbey, 2004); local plants and animals 
inhabiting the affected area were killed. It must be 
stressed that incidents such as this one can result in 
the elimination of whole populations of endangered 
species which have restricted distribution 
(Ugochukwu and Ertel, 2008). 


Impact of Anthropogenic Activities on Fauna 
biodiversity 

Oil and gas activities 

Millions of people dwelling in coastal communities 
around the world already exist at the margins, and are 
often contending with converging pressures that place 
them in a vulnerable position to make a decent living 
Andrews et al., 2021). These pressures can emanate 
both from land and the sea, leading to a ‘coastal 
squeeze’ (Bulleri and Chapman, 2010; Borchert et al., 
2018). For example, population increases in coastal 
areas, maritime and coastal space enclosures for 
offshore development, marine reserves for the 
purpose of conservation that marginalize small-scale 
fishers, the impacts of climate change and dwindling 
fish stocks in the ocean, overfishing by both small- 
scale and large-scale fishers, and increasing 
competition and conflicts over marine resources and 
coastal areas — including for large-scale tourism and 
port infrastructure — can all undermine the 
sustainability of resource-based livelihoods and the 
resilience and well-being of coastal communities 
(Charles 2012,Bennett et al., 2015, Belhabib et al., 
2019). 


A study in Angola by Baumiiller et al (2011) reported 
that most fishing in Angola’s northern province 
Cabinda is artisanal and has been going on for three 
generations or more, without any commercial value 
chains attached. According to the President of the 
Associagao dos Pescadores de Cabinda (APESCAB — 


Association of Cabindan Fishermen representing over 
1200 members in the northern province of Cabinda), 
the whole of the sea space around Cabinda province 
is negatively affected by oil production. There is little 
physical space for fishing already and oil production 
further constrains this. The fishermen complain that 
the bay of Cabinda no longer yields fish. Whereas in 
the 1950s up until the 1990s a nightly trip using about 
500m of nets would have filled a fishing boat, now 
trips of up to five nights’ duration and much more 
netting is required to fill the same boat. 


The fishermen blame oil production for the lack of 
fish closer to Cabinda. They point to the destruction 
of underwater habitats and spawning grounds as one 
of the main reasons. They claim that these underwater 
reefs and rock structures, which are essential for 
breeding fish, are destroyed by the use of dispersants 
that make (spilled) oil that floats on the surface of the 
sea sink to the sea floor. They also claimed that 
seismic surveys have a negative impact on fish stocks 
and are pushing them away. Apart from impacting 
underwater habitats, oil spills, which they say occur at 
least once and up to four times a year, also affect 
fishermen by destroying their nets (Baumiiller et al., 
2011). In the Nigerian context, different habitats have 
trailed their biodiversity at an unexpected proportion ( 
Theriohamma, 2016; Zabbey and UYi 2014), aquatic 
species and wildlife have been reported depleting and 
threat on plant species extinction (Anejionu et al., 
2015) 


Overexploitation of particular species of animal 
Over-exploitation of a particular species or group of 
species can result in that species, or group of species, 
being driven to local or even global extinction. It 
differs from the other drivers of biodiversity loss 
because it specifically target individual species. The 
most well-known examples of over-exploitation of 
tropical forest species involve large mammals for 
bush-meat (Milner-Gulland ef a/. 2003), and tropical 
hardwoods for timber (Asner et al. 2005). A less 
well-known example is that of Chamaedorea palms 
(xaté) in Central America, whose leaves are harvested 
for the floricultural industry (Bridgewater ef al. 
2006). 


Invasive species 

Invasive species are non-native species that have 
established outside their natural range, while 
introduced species have been established outside their 
natural range by human action (Morris, 2010). Both 
invasive and introduced species can cause extinctions, 
alter abiotic environments, become pests, or introduce 
diseases (Bradshaw et al. 2009), particularly targeting 
species with a lower reproductive potential or those 
that are naive to competitors or predators (Purvis et 
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al. 2000). For example, the introduction of the brown 
snake on the island of Guam is thought to have 
caused the extinction of 12 of the 18 native birds 
(Wiles et al. 2003). Much of the evidence for the 
detrimental effects of invasive species is based on 
correlations between invasive species dominance and 
native species decline in degraded habitats (Didham 
et al. 2005). In these cases, invasive species could be 
driving the native species loss or could simply be 
taking advantage of habitat modification or another 
ecosystem change that is itself driving the native 
species loss (MacDougall & Turkington 2005). 
Invasive species may cause biotic homogenization, 
where species assemblages become dominated by a 
small number of widespread species that thrive in 
human-altered environments (McKinney & 
Lockwood 1999). Tropical forest communities that 
have been substantially altered by invasive or 
introduced species occur predominantly on heavily 
disturbed islands (Ghazoul & Sheil 2010). Intact 
continental rainforest may be more resistant to 
invasion because of the high species and functional 
group richness, high competitive exclusion rates and 
high pest loads (Denslow & DeWalt 2008). Invasive 
species can, however, dominate disturbed or open 
tropical forest areas, impacting their recovery 
(Ghazoul & Sheil 2010). 


CONTAMINATION OF WATER AND ITS 
SOURCES BY ANTHROPOGENIC 
ACTIVITIES 


Metal pollution of surface water and sediment 

Metal contaminants are considered grave pollutants 
because they do not decompose to simpler and less 
toxic substances like organic pollutants. Metals enter 
surface water bodies from both geogenic and 
anthropogenic sources, such as through weathering of 
underlying rocks and soils, atmospheric deposition of 
toxic particulate matter, and the discharge of 
untreated domestic and industrial effluents into the 
water body (Olayinka 2004). These metal additions to 
surface waters eventually end up being adsorbed to 
the sediments which become _ contaminated. 
Adsorption on sediment is one of the processes that 
controls bioavailability and toxicity of metals in 
aquatic environments (Dali-Yousef et al. 2006). 
Sediments can become a sink and source of metals 
depending on sorption/desorption processes occurring 
in the water. Dissolved metals can bind to solid 
phases in sediments, and the sediments can also 
release the metals under the right conditions. Some 
chemical properties controlling metal release in 
aquatic environments include pH, redox potential and 
organic matter. For example, dissolved zinc (Zn) in 
Lake Naivasha, Kenya, correlated highly with 
sediment pH and the pH also had a positive 


correlation with organic matter content, redox 
potential (Eh), temperature and dissolved oxygen, 
suggesting that dissolved Zn was probably released 
from organic matter-bound Zn fraction in the lake 
sediment (Kamau et al. 2014). 


Africa is blessed with natural and mineral resources, 
but exploitation of these resources has led to extreme 
pollution of the environment. Population growth and 
urbanization due to developments have also 
contributed immensely to the current pollution in 
Africa. Traffic emissions, transported dust and open 
burning are all significant contributors to air pollution 
in Africa. The Sahara desert is a major source of 
transported dust, especially during the harmattan 
season in West Africa. Mercury emissions are very 
high in South Africa due to coal combustion and gold 
mining. Air pollutants may contaminate water and 
soil through atmospheric deposition. However, the 
major pollution sources for surface waters are the 
urban and industrial discharges of untreated effluents 
into the water. A few African countries have 
standards for effluent discharge into surface waters, 
but it is unknown whether these standards are being 
enforced. Though groundwater sources in wells and 
boreholes are the major sources of drinking water for 
the African populace, the biological water quality of 
these groundwater sources is mostly low in the region 
due to close proximity to sanitary facilities. Identified 
sources of soil pollution in Africa include agricultural 
activities, mining, roadside emissions, auto-mechanic 
workshops, refuse dumps and e-waste. Oil spills area 
major problem in oil-rich African countries such as 
Nigeria and Angola. Agricultural activities are the 
lowest impacting the soil in Africa. There is a need 
for proper regulation of environmental pollutants in 
Africa. 


Environmental pollution is a growing problem 
worldwide, but the levels of contamination are 
different in different parts of the world. Even though 
industries, automobiles, power plants, households and 
agricultural activities continue to emit significant 
amounts of air pollutants, air pollution has decreased 
in Europe over the last decade (Guerreiro et al. 2014). 
Surface waters of Europe are much cleaner today 
because of the Urban Waste Water Treatment 
Directive which aims to protect the European 
environment from the adverse effects of discharges of 
urban and industrial wastewater by ensuring adequate 
treatment of wastewater (EEA 2013). 


Water Pollution 

One of the main outcomes of the United Nations 
Conference on Sustainable Development Goals was 
the agreement by the Member States to launch a 
process to develop a set of Sustainable Development 
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Goals (SDGs). The goal 3 "Ensure healthy lives and 
promote well-being for all at all ages" aims at 
securing a healthy life for all. A measure to achieve 
this goal involves substantially reducing the number 
of deaths and illnesses from hazardous chemicals and 
air, water, and soil pollution and contamination. The 
different types of pollution common in African 
countries is contamination of water. Water 
contamination occurs when substances are introduced 
into water bodies beyond what the water natural 
purification system can handle; thereby degrading and 
making water unfit for human consumption and 
profitable use. 


According to Moronkola (2003), the health effects of 
water pollution include the following; 
A. It may lead to the outbreak of diseases like 


typhoid fever, dysentery, cholera, and 
gastrointestinal discomforts and _ infectious 
hepatitis can result. 

B. It reduces aquatic life by reducing the 


reproduction of fishes and by killing them as well 
multiplication of sea plants thereby disturbing the 
ecosystem balance. 

C. Economically, commercial fishing cannot take 
place in polluted water, and the cost of controlling 
pollution is enormous. d. Polluted water puts off 
those who like aquatic sorts for recreation. 


Poor sanitation and contaminated drinking water are 
two of the most common environmental hazards in 
many countries of the world including Nigeria. 
Inadequate water, sanitation, and hygiene account for 
a large part of the burden of illness and death in 
developing countries. Lack of clean water and 
sanitation is the second most important risk factor 
regarding the global burden of disease, after 
malnutrition. Furthermore, Industrial pollutants like 
mercury, chromium, cadmium, and lead are 
poisonous when deposited into water bodies. They are 
also capable of entering the food chains and cause 
diseases in man, 
> Mercury is known to cause a disease called 
Minimata. 
> Organochlorine pesticides like D.D.T. in the 
agricultural wastes are non-degradable and move 
along the food chains. It may lead to bio- 
magnifications. 
> Some industrial effluents can cause changes in 
colour, odour, and taste of water in the natural 
water bodies. 
> Contamination of water also leads to the spread of 
water-borne diseases such as cholera, amoebiasis 
and other diseases. 


Water pollution is a major problem in african 

countries. The sources are complex and include: 

> Runoff from agricultural land, 

> Animal wastewater (wastewater generated from 
animal raising, keeping, and feeding facilities), 

> Wastewater from slaughtering activities, 

> Leachates from dumpsites and uncontrolled 
landfill, 

> Industrial effluent, 

> Domestic wastewater, and 

> Urban runoff. 


Potential pollutants from such sources are 
summarized in the table in Table 1. Some studies 
have shown significant levels and indicators of water 
pollution in Nigeria. For the River Delimi in Jos, 
mean cadmium (Cd) concentrations in the water 
ranged from 0.14 to 0.381 milligrams per liter (mg/L) 
and copper (Cu) concentrations from 0.341 to 0.371 
mg/L (Sabo, Gani, & Ibrahim, 2013). Results of 
laboratory analysis of sediment samples collected 
from seven different locations along Asa River in 
Ilorin, the capital of Kwara State in western Nigeria, 
revealed levels of manganese (Mn), chromium (Cr), 
iron (Fe), zinc (Zn), and Cu ranging from 179.9 to 
469.4; 3.0 to 11.3; 1,998.4 to 4,420.4; 26.6 to 147.6; 
and 1.9 to 13.3 milligrams per kilogram (mg/kg), 
respectively (Adekola & Eletta, 2007). Analysis of 
tissue samples taken from fish in the Lagos lagoon 
revealed concentrations of polychlorinated biphenyls 
(PCBs) ranging from 0.56 to 2.94 ppm (Adeyemi, 
Ukpo, Anyakora, & Uyimadu, 2009). At Iddo, in the 
Lagos area, analysis of fish tissue revealed 
concentrations of polycyclic aromatic hydrocarbons 
(PAHs) of 2,706.93 nanograms per gram (ng/g) and 
naphthalene 1,625.10 ng/g. In Apapa, a local 
government area in the city of Lagos, PCB 
concentrations of 23.63 ng/g were found in fish 
tissue. In Okobaba, in the Ebuta Metta district of the 
city of Lagos, p,p’-dichloro diphenyl dichloro 
ethylene concentrations of 1,17.98 ng/g were found in 
fish tissue and reported in the city of Lagos (Rose, 
Kehinde, & Babajide, 2013). From these results, it is 
obvious that, in addition to human health effects, 
many pollutants arising from anthropogenic activities 
can have great adverse impacts on aquatic ecosystems 
(V6résmarty et al., 2010). 


> Runoff from Agricultural Land 

Irrigation with contaminated water and_ the 
application of sewage sludge and manure onto 
agricultural land can be potential sources of water 
pollution when these materials are washed into rivers. 
Also, unlike the practices embraced in preindustrial 
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times, when traditional agricultural methods 
predominated in developing countries, the recent 
years have witnessed the adoption of modern 
technologies, including the chemical control of weeds 
and the application of chemical fertilizers for 
enhancement of soil fertility. Unfortunately, this is 
not without side effects, as evident from the adverse 
impacts on the environment and human health. 


Nitrate has often been used as one of the parameters 


agricultural land (Savci, 2012). Diffuse water 
pollution from agriculture has resulted in widespread 
eutrophication in China (Cui, Dou, Chen, Ju, & 
Zhang, 2014), and this is a common phenomenon in 
many rivers and other water bodies in other 
developing countries from chemical fertilizers that are 
washed away by rain (Norse, 2005). This creates 
severe interference with aquatic ecosystems and 
increases treatment costs for drinking water (Smith & 


indicating water pollution, and most of it comes from eiclianes ga 


the runoff of excessively nitrogen-fertilized 


Table 1 Water Pollutants and Sources 


Water pollutants Sources 
Nitrate Surface runoff of nitrogen fertilizer on agricultural land 
Phosphate Surface runoff of phosphate fertilizer on agricultural land, detergents from 


domestic wastewater, sewage 
Mining, effluent, urban runoff, metal processing activities, etc. 


Heavy metals 


Pathogens Effluent, decaying plants and animals, livestock waste, sewage, etc. 
Persistent organic Run-off from agricultural land, effluent from chemical and pharmaceutical 
pollutants industries, etc. 

Cyanides Effluents from mining, pharmaceutical industries, chemical industries, etc. 


(Source: Joshua et al., 2016). 


> Animal Facilities Wastewater 

These wastewaters are generated by facilities raising poultry, pigs, or other livestock and from dairy farms. 
Milking parlor wastes from dairy farms, dung, and urine from piggeries, poultry litter, and antibiotics contained 
in animal wastewater may cause serious water pollution when it enters downstream waters. This category of 
wastewater usually contains animal parasites, fungi spores, protozoa, bacteria, some synthetic hormones, and 
nitrate as well as phosphorus content from feeds and dung. Heavy metals such as copper are also potential 
pollutants from animal facilities wastewater. 


> Wastewater from Slaughtering Activities 

A common practice in developing countries, especially African countries, is to slaughter animals close to 
streams where animal blood and washing water are allowed to flow into the streams. Water pollution is 
definitely bound to occur in such cases. 


> Leachates From Dump sites and Uncontrolled Landfills 

Hazardous leachates from main dumpsites flow into the surrounding drainages. From there, a pollution gradient 
is initiated along streams and down into rivers. Leachates from uncontrolled landfills, which are common in 
developing countries, may also pollute groundwater sources. 


> Industrial Effluent 

The Table 2 summarizes common industries and the relevant pollutant content of the effluents they generate. 
The effluents are usually channeled toward nearby rivers, and if they are not treated prior to disposal, they may 
result in gross pollution of water bodies. As of 2009, it was estimated that Lagos Lagoon alone absorbed 10,000 
cubic meters (m*) of industrial effluent daily (Adewole, 2009). 


> Domestic Wastewater 

> This includes wastewater from kitchen, toilet, and laundry activities. Potential pollutants are oil, detergents, 
and decaying organic matter. Also, depending on the occupants’ lifestyles and the products used in some 
homes, domestic wastewater may contain cosmetics, pharmaceutical products, insecticides, and antiseptics. 
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Table 2. Categories of Industries and Pollutant Content of Effluents They Typically Generate 


Category of industry _ Pollutant content of effluent 
Pharmaceutical industry | Heavy metals, chloroform, phenol, toluene, benzene, antibiotics, etc. 
Iron and steel industry Cyanides, PAHs, benzene, naphthalene, anthracene, phenols, Sn, Cr, 


hydraulic oil, etc. 

Leather tanning industry | Cobalt (Co), Pb, Sb, Cr, arsenic (As), N, P, chlorinated phenols, PCBs, 
pesticide residues, etc. 

Pulp and paper industry | Transition metals, Hg, chlorides, chlorates, sulfates, nitrates, chelating agents, 
methanol, benzene, etc 


Mining industry Fluorides, heavy metals, cyanides, metalloids, etc. 

Chemical industry Acids, bases, surfactants, emulsifiers, hydrocarbons, heavy metals, persistent 
organic pollutants, etc. 

Distilleries Heavy metals, nitrates, phosphates, sulfates, potash, microorganisms, etc. 

Textile industry Formaldehyde, heavy metals, chlorine, sulfur dioxide (SOz), dyes, chlorinated 
bleaching reagents, solvents, volatile organic compounds, phenols, BFRs, 
isocyanates 

Fertilizer industry Phosphate, nitrate, urea, zinc (Zn), iron (Fe), ash slurry, alkali, sulfate, 


fluorides, ammonia and ammonium salts, arsenic, methanol, cyanides. 
(Source: Joshua et al., 2016). 


> Urban Runoff 

Several human activities can lead to the illegal disposal of various hazardous materials in liquid or solid form 
onto the ground. This is a common occurrence in market places and workshops. In other instances, there may be 
accidental spills of hazardous liquids. During rainfall, these materials are washed down the drainages and into 
rivers. 


Air Condition as Influenced by Human Activities 

Particulate matter 

There are about 54 countries in Africa, but there are few published studies on air quality research in Africa, 
showing that A frica is not paying enough attention to air pollution. A large proportion (44%) of the published air 
quality studies in Africa were on particulate matter (PM) pollution, while 28% were on house hold air pollution 
(HAP), 22% on greenhouse gases (GHGs) and 6% on mercury (Hg) emissions. Particulate matter is commonly 
used as an indicator of air quality probably because of the harmful effects of PM on human health (Pope et al. 
2002, 2008; Petkova et al. 2013; Antonel and Chowdhury 2014). Particulate matters are classified and named 
based on particle sizes, which are associated with different sources. The major source of PM10 (coarse fraction 
of PM) is dust, while the PM with smaller sizes (PM2.5) has multiple sources (Linden et al. 2012). Particulate 
matter may contain metals such as Pb or organic substances such as polycyclic aromatic hydrocarbons (PAHs). 
Manganese (Mn) and lead (Pb) concentrations in PM2.5 averaged 17 + 27 and 77 + 91 ng m-3, respectively, 
while Mn concentrations in PM10 were higher (49 + 44 ng m-3) in South Africa. This was attributed to the use 
of Mn and Pb as additives to motor fuel (Batterman et al. 2011). Four PAHs, anthracene, benzo: (a) pyrene, 
benzo (b) fluoranthene and benzo (k) fluoranthene, were detected in PM10 from Vanderbijlpark city, South 
Africa. Possible sources of PAHs in the area sampled include a coal power station, oil refinery, diesel and 
gasoline vehicles and open burning of solid waste (Moja et al. 2014). PAHs such as benzo (a) pyrene are 
carcinogenic and harmful to human health; hence, air quality is an important task for public health. Table 1 
shows the air quality in selected African countries as indicated by PM concentrations. All the countries had PM 
concentrations higher than the World Health Organization (WHO) guideline. Mali, a country in West Africa, had 
the highest PM2.5 (123 lgm™) and PM10 (505 lgm”™) concentrations in Africa with maximum concentrations 
that were about 6—25 times greater than concentrations in China and higher than WHO guidelines (WHO 2016; 
Garrison et al. 2014). This was attributed to Saharan dust incursions since eroded mineral dust made up a major 
proportion of measured PM. West Africa is most affected by transported dust due to proximity to the Sahara 
desert (De Longueville et al. 2010). The Sahara desert is the world’s largest source of eolian dust, and its effect 
is felt mostly during the harmattan season between November and March (Goudie and Middleton 2001). 


Elements from the earth’s crust which were mostly abundant during harmattan accounted for 37% (55 lgm™) of 
fine particle (PM 2.5) mass and 42% (128 lgm”®) of PM10 mass in a study in Ghana (Zhou et al. 2013). Outside 
Harmattan, biomass combustion accounted for between 19.3 and 38.7% of fine particle mass with other sources 
identified as sea salt, vehicle emissions, tire and brake wear, road dust, and solid waste burning (Zhou et al. 
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2013). The identified sources of PM10 in Burkina Faso, West Africa, include transported dust, re-suspended dust 
from unpaved roads, traffic emissions and biomass burning (Linden et al. 2012). Abu-Allaban et al. (2007) 
reported that major sources of PM10 in Egypt, North Africa, included geogenic sources, traffic emissions and 
open burning, while the main sources of PM 2.5 were vehicular emissions and open burning. Biomass burning 
was identified as second most important source next to soil dust in a study in Ghana, West Africa (Ofosu et al. 
2013). Dust from unpaved roads is a major source of PM pollution in some parts of Africa, where a large 
number of the roads are either unpaved or has a broken paved surface and in need of repair. A study in Ethiopia 
attributed most of the geological material found in PM10 to re-suspension of road dust mostly due to the 
prevalence of unpaved roads (Etyemezian et al. 2005). Measurements on unpaved roads recorded higher PM 2.5 
concentration in Ghana, confirming that unpaved roads are sources of PM (Arku et al. 2008). In another study in 
Ghana, road surface with loose dirt had significantly higher PM2.5 and PM10 concentrations, while those with 
broken paved surface had higher PM10 concentrations, providing more evidence that road dust is a significant 
source of PM pollution in Africa (Dionisio et al. 2010). Areas with a network of unpaved roads showed the 
highest concentrations of suspended particles in three African cities (Dares Salaam (Tanzania), Ouagadougou 
(Burkina Faso), and Gaborone, (Botswana) (Eliasson et al. 2009). These studies suggest that unpaved roads do 
not only affect transportation but are also sources of air pollution in Africa. Some other air quality studies 
reported geological sources and marine environment as sources of PM in Africa (Arku et al. 2008; Rooney et al. 
2012), indicating that air pollution with PM may also depend on location. Dieme et al. (2012) reported that there 
was a higher concentration of toxic particulate matter in urban sites relative to the rural sites in Senegal, West 
Africa, showing the effect of urbanization on air quality. However, the concentration of toxic PM in urban sites 
was dependent on traffic intensity and vehicle type. Other studies have also reported that vehicular emissions 
were the major source of air pollution in African cities such as Nairobi, Kenya and Warri, Nigeria (Kinney et al. 
2011; Efe and Efe 2008). Motor vehicle traffic is an important source of particulate matter in developing 
countries, where economic growth has resulted in increasing vehicle ownership and traffic congestion (Kinney et 
al. 2011). Vehicle components such as vehicle exhausts, lubricating oils, tyres and plating materials may be 
responsible for the emissions (Odiyo et al. 2005). Vehicle emissions are a major source of air pollution in 
developing countries despite the improvement in emission rates by auto manufacturers because a large 
proportion are old, poorly maintained and still use two-stroke engines (Assamoi and Liousse 2010; Linden et al. 
2012). This has led to contamination of roadside soils, especially on busy highways. Extensive work has been 
done to characterize roadside soils in Africa. This will be discussed in more detail later in the paper. Apart from 
Mali, China had higher PM than countries in Africa, due to the high rate of industrialization in the country (Cao 
et al. 2013). Nevertheless, PM2.5 and PM10 concentrations in some African countries were higher than that of 
developed countries such as Sweden and USA. Although Sweden and USA had PM 2.5 concentrations that were 
much lower than WHO standards, PM 10 concentration for Sweden and USA was higher than WHO guidelines, 
showing that developed countries also have work to do to ensure air quality (Ferm and Sjoberg 2015; USEPA 
2015). 


Table 3 Air pollution in Africa 


Location Particulate matter (PM) concentration (lgm™) References 
PM-2.5 PM-10 
Burkina Faso NA 35.4-162 Linden et al. (2012) 
Cameroon 49-67 65-141 Antonel and Chowdhury (2014) 
South Africa 113 124 ESMAP (2011) 
Kenya 10.7-98.1 NA Kinney et al. (2011) 


Mali 8-123 35-505 Garrison et al. (2014) 
Nigeria NA 126-151 Efe and Efe (2008) 

Egypt ag NA Boman et al. (2013) 
Tanzania NA 16.9 Mmari et al. (2013) 
Senegal 16.9-105 NA Dieme et al. (2012) 
Zimbabwe 40.5 59.7 Kuvarega and Taru (2008) 


China 212 406 Xie et al. (2010), Wang et al. (2007) 
Sweden 21 Ferm and Sjoberg (2015) 

USA 8.5 52 USEPA (2015a) 

WHO guideline | 10 20 WHO (2016), Karagulian et al. (2015) 


(Source: Fayiga et al. 2017) 
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Air Pollution 

Air pollution is of great concern because it has transboundary effects. Some anthropogenic activities, such as the 
burning of kerosene, fuelwood, and waste as sources of energy, are still common in developing countries 
(Akinlo, 2009; Maconachie, Tanko, & Zakariya, 2009), and these fuels release dangerous gases and particulates 
into the air. It is known that biomass burning results in the production of air pollutants, such as carbon 
monoxide, hydrocarbons, oxygenated organics, free radicals, chlorinated organics, and particulate matter 
(Fullerton, Bruce, & Gordon, 2008). These pollutants and their sources are broadly summarized in the table in 
Table 3. 


> Indoor Household Fuel Burning 

Globally, close to three billion people rely on biomass, such as wood, charcoal, crop residues and dung, as well 
as coal as their primary sources of domestic energy. More than 50% of domestic energy use in many developing 
countries is generated by the burning of biomass (Ezzati & Kammen, 2002b), and the percentage increases to 
approximately about 95% in lower income countries (Fullerton et al., 2008; Smith, Mehta, & Maeusezahl- 
Feuz,2004). This is still very true today, especially in developing countries. In Nigeria, fuelwood, charcoal, and 
agro waste (e.g., palm fruit fiber, palm kernel shell) are the main fuel sources in villages; in towns, the sources 
include fuelwood, charcoal, and kerosene (and in some instances, plastic wastes); in cities, the sources are 
fuelwood (usually at local food cafeterias), charcoal, and gas. What is common to these fuel sources is 
inefficient burning. Consequently, gaseous and/or particulate pollutants, which have serious impacts on human 
health, are released during combustion. 


> Outdoor Air Pollution 

These include gaseous emissions from industries, automobile exhaust, electrical generating plant exhaust, 
emissions from the incineration of wastes, and gaseous emissions from dumpsites. Peculiar to industries in 
Nigeria are exhausts from internal combustion engines and particulates from milling activities. In addition, the 
amount of particulate emission from cement production and quarrying is immense. 


Significant contributions to outdoor air pollution also come from automobile exhaust. In the past decade, 
developing countries, Nigeria in particular, have witnessed mass importation of second-hand motor vehicles. In 
addition, motor vehicles in Nigeria are used for prolonged periods of time— often for more than 30 years. Some 
first and second generations of motor vehicle brands are still found on the road. Many of these are “smoking” 
vehicles, so-called because of their profuse emissions. Some motorcycles and tricycles fall into this “smoking” 
category, as well. Furthermore, impurities in fuels may lead to the emission of hazardous gases. 


Another source of air pollution is the small, electrical generating plant or generator. Because of inadequate 
and/or irregular power supply, almost every household in Nigeria now owns at least one power generator, in 
addition to those in operation at business centers. This dependence on small, household generating plants for 
electricity is on the increase (Akinlo, 2009), a trend that has great implications for air quality. 


Emissions from the thermal treatment (combustion) of wastes are also significant, and emissions from such 
sources may sometimes constitute more hazards to human health than most of the other sources. A common 
solid waste disposal option in developing countries is open burning, whether at dumpsites, in backyards, or along 
roadsides. Concerns regarding such activities grow ever more intense because, as we have discussed, solid 
wastes in countries like Nigeria are not usually separated. Hazardous waste may therefore find its way into the 
combustion stream and release dioxins and furans in gas or particulate phases along with other gases or 
particulate matter. Also in this category is the burning of vehicle tires. “Area boys,” as many gang members and 
petty criminals are known as in Nigeria, burn tires to block roads; and some uninformed people use tires as a fuel 
source to destroy unwanted trees. For others, burning tires is a quick way of recovering the metallic wires inside 
them. The scene of a tire fire is a pool of thick black smoke that spirals into the sky or is diffused by the wind 
into residential areas. 


Furthermore, the gaseous emissions from dumpsites usually go unnoticed. These include foul odors and 
hydrocarbons, such as methane. Air-borne pathogens may evolve from dumpsites and improper landfills. Sudden 
ignition may also arise as a result of the presence of methane emissions. 
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Air pollutants 
Dioxins and furans 


Table 4 Air Pollutants and Sources 
Sources 
Combustion of BFR-containing wastes 


Carbon monoxide 


Second-hand smoke (tobacco), automobile exhausts, emission from power 
generating plants, use of kerosene stoves, emission from gas stoves, incomplete 
burning of fossil fuels and biomass, etc. 


Radioactive 
substances 


Nuclear power 


Particulate matter 


Wind-blown dusts, bush burning, flour milling, burning of fossil fuels and 
biomass, use of traditional stove, second-hand smoke (tobacco), agricultural 
practices, construction and demolition activities, emission from industrial 
activities, quarrying activities, cement manufacturing, natural sources, such as 
volcanic eruptions; etc. 


Sulfur dioxide (SO?) 


Burning fossil fuels, emission from power generating plants, etc. 


Nitrogen oxides 
(NOx) 


Emissions from excessive use of chemical fertilizer; burning fossil fuels; etc. 


Large livestock farms, oil refineries, petrochemical industries, in-household fuel 


a burning, gas flaring, etc. 

Pesticides Spraying of pesticides 

Foul odors and air- Decaying animals, exposed pit toilets, dumpsites, uncontrolled landfills, sewage, 
borne pathogens etc. 


(Source: Joshua et al., 2016). 


> Levels of Various Gaseous Emissions of Concern in Nigeria 

Gaseous and other emissions of environmental concern include nitrogen oxides (NOx), sulfur oxides (SOx) 
carbon monoxide (CO), and particulate matter. As previously discussed, these materials are emitted throughout 
Nigeria from a wide variety of sources. The emission of greenhouse gases can also result from the excessive use 
of fertilizers (Liu et al., 2011). 


Recently, several studies conducted throughout Nigeria have shown levels of a wide variety of air pollutants that 
signal danger to human health and the environment. 


Dibofori-Orji and Braide (2013) reported the concentrations of NOx, 0.73 milligram per cubic meter (mg/m3) 
(730 micrograms per cubic meter [yg/m*]); SOx, 0.11 mg/m 3 (110 yg/m*); and CO emissions 0.67 mg/m’ from 
a point source from combusting vehicle tires in an abattoir environment. On some busy roads in the city of Jos, 
located in the “Middle Belt” of Nigeria, (Ola, Salami, & Ihom, 2013), the concentration of CO ranged from 6 to 
110 parts per million (ppm) (7.40—136 mg/m’); hydrogen sulfide (H2S), 1.0-3.6 ppm; and particulate matter, 
0.1— 0.6 mg/m’. In Calabar, the levels of CO, nitrogen dioxide (NO2), SO, and particulate matter levels from 
vehicular emissions were reported as 3.3-8.7 ppm (4.07—10.7 mg/m°), 0.02—0.09 ppm (40.5—182 ug/m3), 0.04— 
0.15 ppm (113-423 pg/m*), and 170— 260 pg/m’, respectively (Aba & Unachukwu, 2009). 


Carbon monoxide emission from trucks, generators (diesel), and in-household fuel burning (firewood) in Lagos 
showed concentrations of 289.64 ppm (357.2 mg/m*), 116.23 ppm (143.3 mg/m’), and 5.75 ppm (7.092 mg/m°), 
respectively (Akinyemi & Usikalu, 2013). In some areas of Lagos with high traffic (Uhuegbu, 2013), CO levels 
ranged from 45 to 835 ppm (55.5— 1,030 mg/m’). In Abuja, which is located in the center of the country, 
ambient CO emissions were greater than 40ppm(49.3mg/m’) (Okobia, 2015). In Port Harcourt, the capital of the 
Rivers State of Nigeria in the Niger Delta, roadside air pollution was reported as CO, 0-60.24 ppm (0—74.30 
mg/m*); NOx, 0-1.5 ppm (0-3,040 pg /m *); SOx, 0-0.75 ppm(0-2,120ug/m°); and particulate matter, 26-199 
ug/m? (Zagha & Nwaogazie, 2015). For example, Out of 17 Nigerian cities, 70% of these cities (i.e., 
approximately 10 cities) experienced a mean/annual particulate concentration of 120 g/m°, while 30% of the 
cities (i.e., 7 cities) experienced a mean/annual particulate concentration of 119.2 ug/m3. 


The European Union (EU) air quality standards (European Commission, 2016) are CO (10 mg/m’), SO, (350 
ug/m*), particulate matter (PM10) (501g/m*), fine particles (PM2.5) (25u1g/m*), and NO} (200 pg/m*). Some 
levels of CO reported for certain locations in Nigeria exceeded the EU standards byfactorsof10—20. This is 
alarming and calls for both local and global concern to safeguard environmental and human health; especially, 
considering that some of these levels reported were in-household concentrations, where the probability of human 
exposure is extremely high. The levels of SOx reported seemed to be within the range of EU standard; however, 
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some values exceeding 400 and even 2,000 g/m? were also reported. NOx and particulate matter also followed 
the same trend. 


IMPACTS OF LAND USE AND ITS CHANGES ON PLANTS AND ANIMAL SPECIES 
BIODIVERSITY 

Africa is immensely rich in biodiversity (World Resources Institute 2007). Africa boasts of two out of the five 
global higher biodiversity areas and nine biodiversity hotspots. Also, it comprises about a quarter of the global 
biodiversity and it supports the earth’s largest intact assemblages of large mammals, which wander freely in 
many countries. Africa’s rich biomes spread across mangroves, deserts, Mediterranean, tropical forests, 
temperate, sub-tropical and montane grasslands and savannahs, including ice-capped mountains. 


Biodiversity in Africa is under threat from multiple stressors particularly the effects of climate change. Other 
threats include population growth, increasing land-use conversion and subsequent destruction of habitat and the 
introduction of exotic (non-native) species. Land-use change from natural habitat to agrarian, pastoral and 
logging purposes may lead to habitat loss, fragmentation, and emergence of exotic species all of which adversely 
impact biodiversity. Given this quantum of stress factors on biodiversity, land-use change may exacerbate the 
stress on environmental systems beyond recovery. These pressures affect the structure of local ecological 
communities and can cause local extinctions of species, which in turn can lead to reduced ecosystem 
functionality (Tilman et al 2001) and global extinction (Vie et al 2009). Population growth and evolving 
consumption patterns would likely result to intensified land use changes which may lead continued loss of 
habitat in future (Hurtt et al 2011). 


The population of Africa surpassed one billion people in 2009 and is set to grow at 2.3 per cent every year 
during 2010-2015 (World Bank 2011). This has led to a growing demand for natural resources, resulting in land 
use change and the unsustainable use of species. These changes place great pressure on natural areas, 
biodiversity and ecosystem service provision from natural habitats. We rely on plants for food, medicines, crop 
protection, and materials for clothing and building. They also provide ecological services, cleaning our air, water 
and soil. 


Land-use change originating mostly from agricultural purposes, are currently the most common pressures on 
biodiversity (Vie et al 2009). The decline in natural habitat, driven mainly by farming expansion and 
intensification, is perhaps the greatest immediate danger to biodiversity. Tropical forests are home to some of the 
highest levels of terrestrial species diversity and are likely to witness speedy land-use change in the coming 
decades (Smith et al 2010). Mechanized farming can easily lead to conversion of large natural areas into small 
number of cultivated plants and domesticated animals. In fact, the majority of the world’s agricultural landscapes 
are planted with some 12 species of grain crops, 23 vegetable crop species, and about 35 fruit and nut crop 
species (Fowler and Mooney, 1990). Over three million hectares of natural habitat are converted for other uses 
each year in Africa. Deforestation is mainly driven by peasant and commercial farming, timber extraction, 
growing biofuel plantations and urban development (UNEP 2012). Nonetheless, there are good examples of 
where forest loss has reduced, like in the Congo Basin, as a result of network of protected areas and the 
reductions in commercial agriculture by the Central African countries that are members of the Central African 
Forest Commission. While modern agriculturists tend to fight weed which may lead to bush burning or 
application of chemicals, weeds are important to biodiversity of an ecosystem. Also weeds can positively affect 
the ecology and dynamics of helpful insects, and offer many important requisites for natural enemies such as 
alternative prey/hosts, pollen, or nectar as well as microhabitats that are not available in weed-free monocultures 
(Altieri and Letourneau, 1984). Certain weed control measures may affect the ecology of insects and animals 
within the ecosystem thereby impacting the biodiversity adversely. 


In terms of tropical forests, Africa harbours the second largest bloc of rainforest after Amazonia, and it 
represents more than fifteen percent (180 million hectares) of the world’s tropical forests. Recent analysis based 
on remotely sensed data (Hansen et al.2013) shows that the total area of forest lost in Africa has been increasing 
over the recent decade, with a jump in deforestation in the period 2012-2013. Between 2001 and 2013 annual 
average tree cover loss for the African region was 0.2 per cent and 2.57 per cent of the total forest cover was lost 
during this period. Annual rates of forest loss were particularly high in 2009 (0.26 per cent) and 2013 (0.31 per 
cent) while 2003 had the lowest deforestation rate over the period (0.12 per cent). These forest losses are in line 
with forest loss rates reported by African countries to FAO which suggest a ten per cent loss in forest cover 
between 1990 and 2010 (FAO 2012). The recent increase in forest loss seems to be mainly in tropical moist 
forests rather than the seasonally dry savannah woodlands. Major causes of deforestation and forest degradation 
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come from slash and burn agriculture, timber extraction, urbanization, illegal forest exploitation, charcoal 
production, fire wood use, climate change and other human activities. 


In addition to terrestrial forests, Africa contains 21 per cent of the world’s mangroves and seventeen mangrove 
species. Not only are mangroves important habitat for a range of species, they also function as important 
nurseries for many fish species. For example, Nigeria’s mangrove forests provide breeding grounds for more 
than 60 per cent of the fish caught between the Gulf of Guinea and Angola (Carrere 2009). Local populations 
also heavily depend on mangroves for fish, fuel wood and as a buffer against coastal flooding (TEEB 2014). For 
example in Liberia, nearly 58 per cent of the population lives within 40 miles of the coast, dotted with 
mangroves and other forests (TEEB 2014). Despite their global and local importance African mangroves are 
among the most threatened ecosystems in the continent. Declines in mangrove extent across Africa from 2000 to 
2010 are around 572,200 ha. In West and central Africa, some 20 — 30 per cent of the mangroves have been lost 
in the past 25 years (Figure1.0). 


Area (sq km) 


a — = 
197% 2000 2013 3197S 2000 2033 197% 2000 2033 3978 20 


Benin Ghana Cole divore Libena Sierra Leone Sénégal 
Figure 1 Mangrove Area in West Africa by Country 1975, 2000, and 2013 (https://eros.usgs.gov) 


Forest fire causes loss of forest resources too; it may also decrease both the quantity and quality of biological 
natural resources along with the ecosystem which serves the function of supporting life. This, in effect, would 
decrease the diversity of flora and fauna as the sources of germplasm, quality of soil, change in forest 
hydrological function as well as global warming. (Agus et al, 2019). The forest fire during the dry season might 
be triggered by natural occurrences such as dried branches and leaves which are unintentionally burned by 
human. Some major causal factors of the fire related to human are burning practice to clear the land for 
agricultural purposes, land drainage, logging, human recreation activities such as camping and excursion, 
hunting and fishing, especially electrical fishing (Abdullah et al. 2002). The forest fire in Africa is caused by 
land clearing for agricultural use and hunting of animals. The forest fires may have either direct or indirect 
impact on top soil. The direct impacts of the fire are, among others, the loss of the upper layers of soil (Jaya et al. 
2000), the decline in the biodiversity, the environmental degradation, and the deteriorating of health condition of 
living organism in the surrounding areas affected by the fire (Musa and Parlan 2002). 


Degradation of forest ecosystem may result to the loss function of hydrology, biogeochemical, biodiversity and 
ecology. This is because swamp forest represents flood buffering space, water reservoir during dry season, 
filtering system of water quality, and habitat of various germplasm. Forests area play an important role as 
producer of woods, food stuffs, and living and breeding environment of soil biota as well as various life 
supporting systems (Barchia 2006). 


The Problem 

Transformation of habitats for human land use is causing consistent reductions in species richness and changes 
in abundance, altering ecological communities in tropical and sub-tropical forests around the world. Human- 
dominated habitats have fewer species than natural habitats. The results add to a growing body of evidence that 
humans are causing fundamental changes to community structure. (Newbold T et al. 2014). 


@IJTSRD | Unique Paper ID—-IJTSRD50142 | Volume—6 | Issue—4 | May-June 2022 Page 633 


International Journal of Trend in Scientific Research and Development @ www.ijtsrd.com eISSN: 2456-6470 


A growing number of scientists, farmers, and private citizens fear for the long term sustainability of ecologically 
simplified and highly input-dependent food production systems. Questions are being raised about the loss of 
biodiversity, the loss of productive capacity through soil erosion, the growing dependence of modern agriculture 
on non-renewable resources, the heavy reliance on chemical fertilizers and pesticides, and the vulnerability of 
large-scale monocultures to climate change and pest-disease outbreaks. These concerns have gained renewed 
attention with the expansion of transgenic crops and agrofuel plantations which, by 2007, covered 115 million 
hectares worldwide—mostly with monocultures of soybean and maize (Altieri, 2007). The expansion of these 
technologies into African countries may not be wise or desirable, especially if the promotion of these 
monocultures results in serious social and environmental problems. These countries are rich in agricultural 
diversity; traditional and small farmers have historically used mixed farming systems with high degrees of plant 
diversity, in the form of polycultures, agroforestry, and animal integration patterns, providing a strong ecological 
foundation to sustain small farm productivity and to design agroecological models that benefit the rural poor 
under varying climatic conditions and marginal environments (Altieri, 1995). Furthermore, large numbers of 
farmers in developing countries have limited access to the synthetic inputs that substitute for ecological services 
in intensified agricultural systems and may particularly benefit from the maintenance and enhancement of 
biodiversity (Francis, 1986). 


Unsustainable harvesting of fish and inappropriate fishing methods, as well as wetland drainage for agriculture is 
putting increasing pressure on African freshwater systems. Other major, albeit localized, threats to inland water 
ecosystems include water pollution from excess nutrients, domestic and industrial organic loads, pesticides and 
heavy metals, and the impacts of invasive species. These pressures are resulting in biodiversity degradation in 
freshwater ecosystems, especially in East Africa’s Lake Victoria, the Mediterranean and Atlantic coasts of 
Morocco, and many major African rivers (Darwall et al. 2011). 


In Africa with more species becoming threatened and populations of many species are still declining. In 
particular there is considerable pressure on some of the iconic species in Africa: elephants and rhinos, gorillas 
and chimps, lions and other predators. Much of this pressure comes from the illegal trade in wildlife for various 
uses: ivory for carvings, rhino horns and lion bones for Asian medicines, chimps and gorillas for pets and for 
food, etc. This crisis is affecting populations of many species and is posing a very significant conservation 
challenge. For populations of African vertebrate species overall, the Living Planet Index, show that abundance in 
the region has fallen by 65% on average between 1970 and 2016 (Figure 2). Invasive species and disease pose a 
big threat, alongside overexploitation - particularly of fish and mammals; over 35% of the monitored populations 
for these two groups have declined. However, in recent years, the rate of decline has slowed. The major cause of 
species declines in Africa is the loss of habitat. In addition to habitat loss, the other main threat to African 
species is human use, which includes many different subsistence uses (for example timber, firewood, medicines, 
and bushmeat). For the larger charismatic mammals in Africa, one of the major causes of population decline is 
wildlife crime. For example in 2013, over 20,000 African elephants were poached across the continent, and 
between 2007 and 2013 there was a 7,000 per cent increase in rhino poaching (CITES 2016). A specific example 
of the challenges caused by wildlife crime is a case from the Central African Republic where an armed militia 


entered the Sangha Trinational Park and killed at least 26 elephants in April 2013 (Scanlon 2013). 
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Figure 2. The global LPI shows a 68% average decline between 1970 and 2016. The white line shows 
the index values and the shaded areas represent the 95% confidence limits surrounding the trend 
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At the regional level, a number of transboundary 
conservation measures have been carried out by 
African countries to assist with the conservation of 
large mammals. For example, Nigeria and Cameroon 
developed a Regional Action Plan for the 
Conservation of the Cross River Gorilla (Gorilla 
diehli) (2014- 2019), which was adopted at the first 
Meeting of Parties to the Gorilla Agreement under the 
CMS. This Action Plan aims to address the 
continuing loss of these gorillas whose population is 
only 300 individuals (Dunn et al. 2014). Actions 
included as part of the plan are increasing the budget 
for law enforcement, and the training and deployment 
of eco-guards. 


The action plan also produced a habitat analysis, 
published in 2012, which mapped the distribution of 
forest and other terrain in the Cross River region and 
combined this with other environmental data to 
determine the extent of the gorilla’s habitat. Scientists 
from the Wildlife Conservation Society (WCS), the 
North Carolina Zoo, Cameroon and Nigeria used 
satellite images, geographic information systems, 
global positioning systems, CyberTracker software 
and touch-screen systems for park rangers to develop 
precise location mapping and on-site data recording. 
Using these technologies, it was discovered that the 
Cross River Gorilla roams more than 50 per cent than 
previously thought (Global Spatial Data Infrastructure 
2012). The analysis concluded that considerable 
forest habitat remains and much larger gorilla 
population can be supported if these areas are well 
protected (Wildlife Conservation Society 2012). 


Invasive alien species are one of the main direct 
drivers of biodiversity loss at the global level. In 
some ecosystems, such as many island ecosystems, 
invasive alien species are the leading cause of 
biodiversity decline. Invasive alien species primarily 
affect biodiversity by preying on native species or 
competing with them for resources. In addition to 
their environmental impacts, invasive alien species 
can pose a threat to food security, human health and 
economic development. Increasing levels of travel, 
trade, and tourism have facilitated the movement of 
species beyond natural biogeographical barriers by 
creating new pathways for their introduction. As 
globalization continues to rise, the occurrence of 
invasive alien species is likely to increase unless 
additional measures are taken (CBD 2016). Invasive 
alien species (IAS) are a major threat to biological 
diversity, food and water security and human, plant 
and animal health. Terrestrial and freshwater 
ecosystems, estuarine and marine systems are 
severely impacted by their spread. Across Africa 
nearly all countries are affected by IAS while 
offshore islands are particularly badly affected. 


A number of African counties have programmes in 
place to manage IAS; for example, South Africa, 
Ethiopia, Malawi, Mali, Niger, Rwanda, South Africa 
and Uganda. Burkina Faso has established species 
lists, Egypt and Benin have allocated resources to 
study IAS and Sierra Leone, Somalia, Sudan and 
Swaziland have implemented programs to raise 
awareness on the effects of IAS. IAS are increasing in 
numbers and severity of impact in Africa and have 
the potential to become a significant challenge across 
the region. The Global Register of Introduced and 
Invasive Species (GRIIS), an on-going initiative 
hosted by the Invasive Species Specialist Group 
(ISSG) to document IAS, indicates that 100 of the 
154 introduced species in Seychelles are known 
invasive species with documented impacts. Similarly 
in Cameroon, 148 introduced species have been 
identified and this includes eight species with known 
major impacts on biodiversity (ISSG 2014). Many of 
these IAS are on a list of the 100 of the World's 
Worst Invasive Alien Species, a global list of those 
IAS with the highest impacts on biodiversity, 
generated by the Invasive Species Specialist Group of 
the IUCN (Lowe et al. 2000). Species on this list 
include water hyacinth (Eichhornia crassipes), the 
wide-spread invasive shrub Lantana (Lantana 
camara), the fast growing leguminous (nitrogen- 
fixing) tree Black wattle (Acacia mearnsii) and the 
dryland trees and shrubs of the genus Prosopis (the 
“mesquites” of tropical dryland America). 


THE SOLUTION 

There are many examples of success and innovation 
in the conservation of Africa’s biodiversity, yet 
Africa is also experiencing unprecedented rates of 
population growth, urbanization and agricultural 
development, which create immense challenges in 
reconciling human well-being with environmental 
and economic prosperity (UNEP 2016). Smallholder 
farmers are the guardians, as well as the beneficiaries, 
of a greater diversity of biological species than can be 
found in protected areas. The farmers' diverse 
practices are conserving these species for the benefit 
of future generations. In turn, agricultural biodiversity 
is a primary way for the poor to cope with difficult 
biophysical environments and precarious social and 
political circumstances. [Kaihura & Stocking, 2003]. 
Most practitioners and supporters of organic 
agriculture believe that organic farms have positive 
impacts on biodiversity, and that farmland under 
organic agriculture does not exhibit the same 
dramatic decline in biodiversity that occurs in 
conventional agricultural farmland. These 
biodiversity benefits are likely to derive from the 
specific environmental features and management 
practices employed within organic systems, which are 
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either absent or rarely utilized in the majority of 
conventional systems (Lampkin, 1992). The use of 
biological and management practices by organic 
farmers to manage fertility and pests, such as green 
manuring, composting, intercropping, and rotation, 
encourage habitat heterogeneity and floral diversity. 
These are known to benefit invertebrate and 
vertebrate biodiversity across a range of taxa. 


A conspicuous feature of traditional farming systems 
is the degree of plant diversity in the form of 
polycultures and/or agroforestry patterns (Altieri, 
2000). Traditional cropping systems are also 
genetically diverse, containing numerous varieties of 
domesticated crop species as well as their wild 
relatives. Maintaining genetic diversity appears to be 
of even greater importance as land becomes more 
marginal and hence farming more risky. For example 
in Peru, where farmers plant up to 50 varieties of 
potato, the number of potato varieties cultivated 
increases with the altitude of the land farmed. Genetic 
diversity confers at least partial resistance to diseases 
that are specific to particular strains of crops and 
allows farmers to exploit different soil types and 
microclimates for a variety of nutritional and other 
uses (Brush, 2003). IAS eradications from islands 
represent an important action to contribute to Aichi 
Biodiversity Target 9. Within Africa, the majority of 
successful eradications have been undertaken on the 
island nations and territories in the Indian Ocean, 
including the Seychelles and Mauritius (Beaver and 
Mougal 2009). Well-governed and _ effectively 
managed protected areas are a proven method for 
safeguarding both habitats and populations of species 
and for delivering important ecosystem services. 
Particular emphasis is needed to protect critical 
ecosystems such as tropical coral reefs, sea-grass 
beds, deep-water cold coral reefs, seamounts, tropical 
forests, peat lands, freshwater ecosystems and coastal 
wetlands. Additionally, there is a need for increased 
attention to the representivity, connectivity and 
management effectiveness of protected areas (CBD 
2016). 


Protected areas are a key strategy for conserving 
biodiversity (Geldmann et al. 2013). Africa has long 
been at the forefront of global efforts to develop 
protected area networks, including some of the 
world’s best known protected areas, for example the 
Serengeti and Mt Kilimanjaro National Parks in 
Tanzania and the Kruger National Park in South 
Africa. By August 2014, the World Database on 
Protected Areas included 8571 protected areas in the 
58 African countries and territories (IUCN and 
UNEP-WCMC 2020). Protected area coverage in 
Africa has been increasing steadily since 1990. In 


2014, 13.8 per cent of terrestrial and inland waters 
and 3.7 per cent of marine and coastal areas were 
covered by protected areas. This is below the global 
average of protected area coverage, which is at 15.4 
per cent for land and 8.4 per cent for marine and 
coastal areas (Juffe-Bignoli et al. 2014) and below the 
coverage levels set in Aichi Biodiversity Target 11. 
Some countries and overseas territories have more 
than one third of their area covered by protected 
areas: Reunion Islands (76.3%), Seychelles (42.1%), 
Morocco (33.6%), Namibia (37.9%), Zambia 
(37.9%), Congo (35.2%), and Tanzania (32%). While 
progress in protected area coverage in Africa is 
positive, the protected area coverage of inland waters 
is not well known (UNEPWCMC 2014). 


CONCLUSION 

Diversification strategies lead to the establishment of 
the desired type of plant, insect and soil biodiversity 
and the ecological infrastructure necessary for 
attaining optimal pest control and soil fertility. This is 
important to ensure that above ground diversification 
schemes are complemented by soil organic 
management, as both above and below ground 
biodiversity together form the pillars of 
agroecosystem health. 


The community of soil organisms incorporates plant 
and animal residues and wastes into the soil and 
digests them, creating soil humus, which is a vital 
constituent for good physical and chemical soil 
conditions, and the recycling of carbon and mineral 
nutrients. This decomposition process includes the 
release of carbon dioxide to the atmosphere where it 
can be recycled through higher plants, and the release 
of essential plant nutrients in inorganic forms that can 
be absorbed by plants. Also, since the microbial 
biomass itself is a relatively labile fraction of the soil 
organic matter, nutrients in the biomass become 
available as live microbes digest dead microbial cells. 
There is evidence that soil microbial diversity confers 
protection against soil borne disease, but crop and soil 
type and management also play a role. Studies show 
that mycorrhizal diversity positively contributes to 
nutrient and, possibly, water use efficiency. The 
effects of soil fauna on nutrient and water use 
efficiencies are also apparent, but diversity effects 
may be indirect, through effects on soil structure 
(Giller et al, 1997). 


Given the ecological services provided by soil 
biodiversity, soil organisms are crucial for the 
sustainability of agroecosystems. Therefore, it is 
important to define and encourage agricultural 
practices that increase the abundance and diversity of 
soil organisms by enhancing habitat conditions, soil 
organic matter content and resource availability, and 
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to avoid practices that reduce soil biodiversity. 
Sustained agricultural productivity may depend on the 
selection of management practices that enhance soil 
biological function in the fixation of atmospheric 
nitrogen, recycling of carbon and nutrients, and 
suppression of soil pathogens. 


Global trends suggest that people are aware of 
biodiversity values, but do not “view biodiversity 
protection as an important contribution to human 
wellbeing” (Leadley et al. 2014). Information in the 
fifth national reports to the Convention on Biological 
Diversity (CBD) suggest that about 75 per cent of 
reporting Parties are making some progress towards 
this target. For example some countries have policies 
in place to raise awareness, while others are 
integrating biodiversity education into school 
curricula. While progress has been made in raising 
people’s awareness of the values of biodiversity there 
has been less progress in raising their awareness of 
the actions they can take to conserve and sustainably 
use biodiversity (CBD 2015). Therefore, while there 
has been progress towards meeting this target overall, 
efforts will need to be increased if the rich 
biodiversity in Africa would be sustained. The 
increasing demand for food, fibre and fuel will lead to 
increasing losses of biodiversity and ecosystem 
services if issues related to sustainable management 
are not addressed. On the other hand, sustainable 
management not only contributes to biodiversity 
conservation but can also deliver benefits to 
production systems in terms of services such as soil 
fertility, erosion control, enhanced pollination and 
reduced pest outbreaks, as well as contributing to the 
well-being and sustainable livelihoods of local 
communities engaged in the management of local 
natural resources. (CBD 2016). The fifth national 
reports to the CBD suggest that in general, 
unsustainable agriculture, aquaculture and forestry are 
the main pressures on biodiversity in Africa. However 
a number of countries are taking action to address 
this. Among the specific actions noted in the fifth 
national reports are the promotion of community 
based conservation agriculture (Swaziland) and 
organic farming (Egypt), and the setting of guidelines 
for sustainable practices (South Africa). Similarly in 
Burundi, Uganda, Sierra Leone and the Seychelles, 
policies promoting sustainable forestry are in place 
and in Malawi, reforestation practices include 
national tree planting days (CBD 2015). 
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